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(57)Abstract: 



PROBLEM TO BE SOLVED: To provide an apparatus for culturing algae capable 
of utilizing both direct transmitting light and scattered light and increasing the 
amount of a culture solution per unit area at a lower cost. 
SOLUTION: This apparatus 1 for culturing algae is equipped with plural reactor 
modules 6 for culturing microalgae in a culture solution L. The reactor modules 6 
are mutually separated and supported in a parallel state and each of the reactor 
modules 6 has each pair of transparent plates 8 forming culture spaces K for the 
microalgae between the mutual plates 8 and framelike supporting members 9, 10 
and 1 1 for supporting the peripheral parts of each pair of the transparent plates 8 
in a hermetically sealed state so that the culture solution L and a gas G 
containing gaseous carbon dioxide can be made to flow in the culture spaces K. 
The plural reactor modules 6 are stood to separate the mutual transparent plates 
8 in the parallel state. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the algae culture apparatus equipped with two or more reactor 
modules which cultivate detailed algae in culture medium. Said reactor module 
The transparence plate of the couple which forms the culture space of said 
detailed algae while making a parallel condition estrange mutually and being 
supported, and it is mutual, Said culture space is equipped with the supporter 
material of the shape of a frame which supports the periphery section of the 
transparence plate of said couple in the sealing condition possible [ a negotiation 
/ gas / containing said culture medium and carbon dioxide gas ]. Said two or 
more reactor modules The algae culture apparatus characterized by making a 
parallel condition estrange said mutual transparence plate, and being set up. 
[Claim 2] It is the algae culture apparatus characterized by forming said 
transparence plate with plastic material or glass in an algae culture apparatus 
according to claim 1 . 

[Claim 3] The algae culture apparatus characterized by arranging in the 
interstitial segment of the transparence plate of said couple the temperature 
pondage flow conduit to which cooling water or warm water can circulate along 



with a transparence plate in an algae culture apparatus according to claim 1 or 2. 
[Claim 4] It is the algae culture apparatus characterized by forming said 
temperature pondage flow conduit by the transparent material in an algae culture 
apparatus according to claim 3. 

[Claim 5] The algae culture apparatus characterized by setting to an algae 
culture apparatus according to claim 3, and forming in the interior of said 
supporter material the culture medium passage and the gas passageway which 
supply and discharge said culture medium and said gas to said culture space, 
respectively, and the temperature pondage passage which is connected to said 
temperature pondage flow conduit, and supplies and discharges said cooling 
water or said warm water to this temperature pondage flow conduit. 
[Claim 6] The algae culture apparatus characterized by inserting the gas supply 
line which supplies said gas to this culture medium passage in an algae culture 
apparatus according to claim 5 into said culture medium passage which supplies 
said culture medium to said culture space. 

[Claim 7] It is the algae culture apparatus characterized by for the transparence 
plate and said supporter material of said couple ****ing in an algae culture 
apparatus given in either of claims 1-6, and fixing the stop or the clamp mutually. 
[Claim 8] It is the algae culture apparatus characterized by being installed on the 
floor line where said two or more reactor modules were painted by the color of a 
white system in the algae culture apparatus given in either of claims 1-7. 
[Claim 9] It is the algae culture apparatus which said reactor module is made into 
the inclined plane where the inner base inclines caudad toward a part for a 
center section in an algae culture apparatus given in either of claims 1-8, and is 
characterized by setting up the supporter material of the shape of said frame so 
that said gas may be supplied to said culture space from a part for said center 
section. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention cultivates detailed algae in culture medium, 
and relates to the algae culture apparatus which can remove the carbon dioxide 
gas in exhaust gas by the photosynthesis function. 
[0002] 

[Description of the Prior Art] In recent years, the photosynthesis function of 
detailed algae, such as chlorella, is used, C02 (carbon dioxide) contained in 
exhaust gas, such as an electric power plant, is fixed to a frond, and the algae 
culture apparatus as a biological C02 fixed system which removes from exhaust 
gas and uses the propagated frond effectively is devised. 
[0003] The following two are typical although there are many molds in the 
conventional algae culture apparatus. 

** Direct light-receiving mold : it is called an opening pound and depth of water 
touches air by the oil level shallowly (15-30cm) with the round shape or the 
ellipse. Both ****** and scattered light can be used and it is put in practical use by 
culture of chlorella. 

** A condensing mold : condense sunlight by the lens or the mirror and irradiate 
light in the reactor which cultivates detailed algae with an optical fiber. 



[0004] 

[Problem(s) to be Solved by the Invention] However, the following technical 
problems were left behind in the above-mentioned conventional algae culture 
apparatus. That is, in the case of the above-mentioned **, although both ****** 
and scattered light are used, vast plottage is needed superficially and there is a 
fault that the dilution and temperature control of culture medium by mixing of the 
contamination from a perimeter and the rainfall cannot be performed for 
atmospheric-air disconnection. Moreover, there was also inconvenience that 
depth of water could not be set up deeply, from the need of letting light pass. 
Moreover, in the case of the above-mentioned **, since ****** of sunlight is 
condensed, there is a problem that only this ****** can be used. That is, although 
there were ****** and the scattered light in the time of fine weather, there was 
only the scattered light in case of a clouded sky and rainy weather, and in the 
condensing mold, this scattered light could not be used but it was greatly affected 
by the weather. Moreover, in order to introduce the light which condensed in a 
reactor, the large sum fiber-optic cable was needed. 
[0005] This invention was made in view of the above-mentioned technical 
problem, can use both ****** and scattered light, can make [ many ] the amount 
of culture medium per unit area, and aims at offering a still cheaper algae culture 
apparatus. 
[0006] 

[Means for Solving the Problem] The following configurations were used for this 
invention in order to solve said technical problem, namely, in an algae culture 
apparatus according to claim 1 It is the algae culture apparatus equipped with 
two or more reactor modules which cultivate detailed algae in culture medium. 
Said reactor module The transparence plate of the couple which forms the 
culture space of said detailed algae while making a parallel condition estrange 
mutually and being supported, and it is mutual, Said culture space is equipped 
with the supporter material of the shape of a frame which supports the periphery 
section of the transparence plate of said couple in the sealing condition possible 



[ a negotiation / gas / containing said culture medium and carbon dioxide gas ], 
and the technique which said two or more reactor modules make a parallel 
condition estrange said mutual transparence plate, and is set up is adopted. 
[0007] The transparence plate of the couple which forms the culture space of 
detailed algae while a reactor module makes a parallel condition estrange 
mutually, and is supported in this algae culture apparatus, and it is mutual, Since 
equip culture space with the supporter material of the shape of a frame which 
supports the periphery section of the transparence plate of a couple in the 
sealing condition possible [ a negotiation / gas / containing culture medium and 
carbon dioxide gas ], two or more reactor modules make a parallel condition 
estrange a mutual transparence plate and it is set up ****** and the scattered 
light penetrate a transparence plate from between each reactor module, and 
incidence is carried out into culture space and photosynthesis by algae, i.e., 
immobilization of carbon dioxide gas, is performed in the culture space to which 
culture medium and gas were supplied. Moreover, since a reactor module is 
sealing structure, mixing of the contamination into culture medium etc. is 
prevented. 

[0008] In an algae culture apparatus according to claim 2, the technique in which 
said transparence plate is formed with plastic material or glass is adopted in an 
algae culture apparatus according to claim 1. 

[0009] Since the transparence plate is formed with plastic material or glass, while 
there is moderate reinforcement, it can constitute from this algae culture 
apparatus cheaply. 

[0010] In an algae culture apparatus according to claim 3, the technique in which 
the temperature pondage flow conduit to which cooling water or warm water can 
circulate is arranged along with the transparence plate is adopted as the 
interstitial segment of the transparence plate of said couple in an algae culture 
apparatus according to claim 1 or 2. 

[0011] In this algae culture apparatus, since the temperature pondage flow 
conduit to which cooling water or warm water can circulate is arranged in the 



interstitial segment of the transparence plate of a couple along with the 
transparence plate, if the culture medium in surrounding culture space can be 
cooled if cooling water is poured to this temperature pondage flow conduit, and 
warm water is poured to a temperature pondage flow conduit, culture medium 
can be warmed. 

[0012] In an algae culture apparatus according to claim 4, the technique in which 
said temperature pondage flow conduit is formed by the transparent material is 
adopted in an algae culture apparatus according to claim 3. 
[0013] In this algae culture apparatus, since the temperature pondage flow 
conduit is formed by the transparent material, transparency of a temperature 
pondage flow conduit is possible for the light by which incidence was carried out, 
and light is not interrupted by the temperature pondage flow conduit. 
[0014] In an algae culture apparatus according to claim 5, it sets to an algae 
culture apparatus according to claim 3, and the technique in which the culture 
medium passage and the gas passageway which supply and discharge said 
culture medium and said gas to said culture space, respectively, and the 
temperature pondage passage which is connected to said temperature pondage 
flow conduit, and supplies and discharges said cooling water or said warm water 
to this temperature pondage flow conduit are formed is adopted as the interior of 
said supporter material. 

[0015] In this algae culture apparatus, since the culture medium passage and the 
gas passageway which supply and discharge culture medium and said gas to 
culture space, respectively, and the temperature pondage passage which is 
connected to a temperature pondage flow conduit, and supplies and discharges 
cooling water or warm water to this temperature pondage flow conduit are formed 
in the interior of supporter material, it is enabled for supporter material to serve 
as manifold structure and to have the function of piping and a load member, and 
it becomes miniaturizable. Moreover, external piping to expose can be reduced. 
[0016] In an algae culture apparatus according to claim 6, the technique in which 
the gas supply line which supplies said gas to this culture medium passage is 



inserted is adopted in an algae culture apparatus according to claim 5 in said 
culture medium passage which supplies said culture medium to said culture 
space. 

[0017] With this algae culture apparatus, since the gas supply line which supplies 
said gas to this culture medium passage is inserted into the culture medium 
passage which supplies culture medium to culture space, gas is supplied from a 
gas supply line in culture medium passage, and where gas is distributed in 
culture medium, culture space is supplied. Moreover, even if a gas supply line 
starts loading etc., drawing out of tubing and insertion become easy. 
[0018] In an algae culture apparatus according to claim 7, the technique which 
the transparence plate and said supporter material of said couple ****, and is 
being mutually fixed by the stop or the clamp is adopted in an algae culture 
apparatus given in either of claims 1-6. 

[0019] Since the transparence plate and supporter material of a couple **** and 
the stop or the clamp is mutually fixed in this algae culture apparatus, while 
decomposition and assembly become easy, compared with the case where 
adhesives are used, there is almost no degradation by secular change of the 
adhesives with which ultraviolet rays etc. become a cause. 
[0020] In an algae culture apparatus according to claim 8, the technique currently 
installed on the floor line where said two or more reactor modules were painted 
by the color of a white system is adopted in an algae culture apparatus given in 
either of claims 1-7. 

[0021] Since two or more reactor modules are installed on the floor line painted 
by the color of a white system, light can be efficiently reflected and scattered 
from a floor line, and this scattered light can also be made to introduce in a 
reactor module in this algae culture apparatus. 

[0022] In an algae culture apparatus according to claim 9, in an algae culture 
apparatus given in either of claims 1-8, said reactor module is made into the 
inclined plane where the inner base inclines caudad toward a part for a center 
section, and the technique set up so that the supporter material of the shape of 



said frame may supply said gas to said culture space from a part for said center 
section is adopted. 

[0023] Since it considers as the inclined plane where the inner base of a reactor 
module inclines caudad toward a part for a center section in this algae culture 
apparatus, and frame-like supporter material is set up so that gas may be 
supplied to culture space from a part for said center section Even if it stops 
supply of gas and a frond precipitates, while becoming easy to gather for a part 
for the center section which becomes the bottom by dip at said base of inner, 
when gas supply is begun again, a frond tends to surface again by supply of the 
gas from a part for said center section. Moreover, a frond can be agitated over 
the whole culture space. 
[0024] 

[Embodiment of the Invention] Hereafter, the 1st operation gestalt of the algae 
culture apparatus concerning this invention is explained, referring to drawing 10 
from drawing 1 . If shown in these drawings, in the sign 1, an algae culture 
apparatus and 2 show a turbine building, and 3 shows the reactor unit. 
[0025] Drawing 1 and drawing 2 show an example of arrangement at the time of 
applying the algae culture apparatus 1 of this operation gestalt to the turbine 
building 2 roof of an electric power plant, two or more reactor units 3 are 
arranged, and the algae culture apparatus 1 is constituted. In addition, two or 
more turbine building ventilation fans 4 and culture-medium recycle tubs 5 are 
installed in the turbine building 2 roof in addition to reactor unit 3. 
[0026] Said reactor unit 3 consists of support frames 7 supported by the flank 
while laying two or more reactor modules 6 (this operation gestalt 14 modules) 
which a parallel condition is made to estrange mutually and are set up, and these 
reactor modules 6 on floor line 7a, as shown in drawing 3 and drawing 4 R> 4. It 
is set as a predetermined distance which has few objects for disadvantageous 
[ of light ] as much as possible by the mutual shadow, spacing of each reactor 
module 6 taking space efficiency into consideration, and can carry out incidence 
of the light efficiently. 



[0027] The transparence plates 8 and 8 of the couple which forms [ as said 
reactor module 6 is shown in drawing 7 R> 7 from drawing 5 , ] the culture space 
K of detailed algae while making a parallel condition estrange mutually and being 
supported, and it is mutual, The lower manifold 9, the flank manifold 10, and the 
up manifold 1 1 (frame-like supporter material) which support the periphery 
section of the transparence plates 8 and 8 of a couple in the sealing condition 
possible [ a negotiation / gas / G / which contains culture medium L and the 
exhaust gas of an electric power plant i.e., carbon dioxide gas, in the culture 
space K ], It was arranged in the interstitial segment of the transparence plates 8 
and 8 of a couple along with the transparence plate 8, and has the temperature 
pondage flow conduit 12 to which cooling water W or warm water W can circulate. 
[0028] With the bolt 13 penetrated after the transparence plates 8 and 8, the 
lower manifold 9, the flank manifold 10, and the up manifold 1 1 of a couple have 
combined these, respectively, and the nut 14 screwed on this bolt 13, the screw 
stop of each manifold is carried out to the shape of a frame, and it is assembled. 
Moreover, the temperature pondage flow conduit 12 is in the condition inserted in 
the support slots 9a, 10a, and 11a where the periphery section was formed in the 
lower manifold 9, the flank manifold 10, and the up manifold 11, respectively, and 
it is supported so that culture space K may be carried out for 2 minutes. 
[0029] furthermore, to the lower manifold 9, the flank manifold 10, and the up 
manifold 1 1 The periphery section of the transparence plate 8 and the 
temperature pondage flow conduit 12 is met. Slot 9for seals b, 10b and lib are 
formed, respectively, O ring 15 is built into the pinching condition between the 
slots 9b, 10b, and 1 lb for these seals, the transparence plate 8, and the 
temperature pondage flow conduit 12, and the culture space K and the 
temperature pondage flow conduit 12 are changed into the sealing condition. 
[0030] The transparence plates 8 and 8 of said couple have reinforcement, it is 
lightweight and the plate made from a polycarbonate which penetrates light is 
used. In addition, as other construction material of a transparence plate, other 
plastics and glass plates, such as an acrylic board, may be applied. Like the 



transparence plate 8, said temperature pondage flow conduit 12 is formed by the 
transparent polycarbonate, and as shown in drawing 7 , it serves as a double 
structure hollow plate by two or more batch section 12a. In addition, thickness is 
thinly formed from the transparence plate 8, and the temperature pondage flow 
conduit 12 is set up so that the heat transfer effectiveness may become large. 
[0031] As said lower manifold 9 is shown in (b) of drawing 6 , culture medium 
supply passage (culture medium passage) 9c of the couple which is connected to 
the interior in the culture space K, and supplies culture medium L to this culture 
space K is formed. The gas supply line (gas passageway) 16 which supplies Gas 
G to such culture medium supply passage 9c is inserted, respectively, and it has 
double tubing composition, and from the micropore formed in this gas supply line 
16, Gas G spouts in culture medium supply passage 9c, and Gas G is supplied 
to the culture space K with culture medium L. Moreover, 9d of temperature 
pondage supply passage which the lower manifold 9 is connected to the 
temperature pondage flow conduit 12 to the interior, and supplies cooling water 
W or warm water W to this temperature pondage flow conduit 12 is formed. 
[0032] As are shown in (a) of drawing 7 , and it is indicated in (b) of drawing 7 as 
gas blowdown passage 10c which makes the gas G in the culture space K 
discharge, it connects with the culture space K and, as for said flank manifold 10, 
lOd of culture medium blowdown passage which makes the culture medium L 
overflowed in the culture space K discharge is formed in the interior, respectively. 
[0033] As said up manifold 1 1 is shown in (a) of drawing 6 , temperature 
pondage blowdown passage 1 1c which it connects [ c ] with the temperature 
pondage flow conduit 12, and makes cooling water W or warm water W 
discharge from this temperature pondage flow conduit 12 is formed in the interior. 
[0034] As for said support frame 7, the floor line 7a is painted in white (color of a 
white system). In addition, the coating (for example, thing used for the display of 
the zebra zone of an ordinary road) which may be made into the color of other 
white systems, for example, reflects irregularly may be used for floor line 7a. 
moreover - as said detailed algae - the bottom of strong light - optical inhibition 



a lifting - being hard - ** - **** carried out - "Synechocystis (SHINEKOKI 
Stith)" which is a l<ind with that right is used as an example. 
[0035] By the reactor module 6 of this algae culture apparatus 1 , after culture 
medium L is supplied to two culture space K which is in the both sides of the 
temperature pondage flow conduit 12 from culture medium supply passage 9c 
and culture of a frond is presented with it, a part to have overflowed is discharged 
from 10d of culture medium blowdown passage. Moreover, distributed supply is 
carried out into culture medium supply passage 9c from a gas supply line 16, and 
Gas G is supplied to the culture space K with culture medium L. At this time, C02 
component in Gas G is fixed by photosynthesis by the frond in culture medium L 
by carrying out incidence of ****** and the scattered light from the perimeter of 
the transparence plate 8. Since the culture space K is formed in the both sides of 
the temperature pondage flow conduit 12 at this time, the absorption-of-light 
effectiveness from the outside can be enlarged. Then, the processed gas G is 
discharged outside by gas blowdown passage 10c. 

[0036] Moreover, cooling water W or warm water W is supplied from the lower 
part in the temperature pondage flow conduit 12 by 9d of temperature pondage 
supply passage, and after it carries out heat exchange between the surrounding 
culture medium L while it circulates this temperature pondage flow conduit 12, it 
is discharged from upside temperature pondage blowdown passage 11c. 
[0037] As shown in drawing 1 , drawing 2 , and drawing 8 , this algae culture 
apparatus 1 considered two or more reactor units 3 (this operation gestalt 17 
units) as one block 20, and has managed two or more blocks 20 (this operation 
gestalt 34 blocks) as a whole. Drawing 8 illustrates the flow of culture medium L 
as a system of the algae culture apparatus 1 whole, the main 21 of culture 
medium L and each block 20 are connected through the branch pipe 22 which 
branched from the main 21, and, as for each block 20, the culture-medium 
recycle tub 5 is connected to the blowdown side of culture medium L. 
[0038] The culture-medium recycle tub 5 is connected to the culture-medium 
circulating pump 23 which returns culture medium L to a branch pipe 22, and this 



culture-medium circulating pump 23 is connected to the branch pipe 22 through 
the communication trunk 24. Moreover, the change-over valve 26 which supplies 
culture medium L to a centrifugal separator 25 is formed in this communication 
trunk 24 on the way. That is, the fresh culture medium L flows from a main 21 to 
each block 20 through a branch pipe 22, and by the so-called culture approach of 
a TABIDO stud method, the culture medium L sent to each block 20 is set up so 
that the frond concentration in culture medium L may be kept constant every 
block 20. 

[0039] In this system, once the culture medium L fresh to block 20 is prepared, 
culture medium L will be circulated between block 20 and the culture-medium 
recycle tub 5 after that. In the culture-medium recycle tub 5, if turbidity meter 5a 
always detects by making frond concentration after frond growth into turbidity and 
it becomes predetermined concentration (for example, 2 g/l), a change-over 
valve 26 will be operated, the one half of culture medium L will be drawn out, and 
a centrifugal separator 25 will be supplied. Solid liquid separation of the drawn- 
out culture medium L is carried out in latter centrifugal-separator 25 grade, and 
fronds are collected. Then, tales-doses makeup of the fresh culture medium L is 
carried out with the amount of drawing out, and culture, i.e., C02 fixed 
processing, is resumed. With this algae culture apparatus 1, immobilization of 
C02 of about 100 gCO(s)2/m2 and d is obtained for C02 concentration in 
exhaust gas G per installation area at 40 degrees C whenever [ solution 
temperature ] 5 to 10%. 

[0040] In addition, since it does not photosynthesize and C02 is not fixed as an 
example of other operations at night, supply of gas and circulation of culture 
medium may reduce one [ both or ] flow rate as much as possible. 
[0041] The transparence plates 8 and 8 of a couple with which it forms the 
culture space K of detailed algae in the algae culture apparatus 1 of this 
operation gestalt while the reactor module 6 is mutual, The culture space K is 
equipped with the lower manifold 9, the flank manifold 10, and the lower manifold 
9 which support the periphery section of the transparence plates 8 and 8 of a 



couple in the sealing condition possible [ a negotiation / gas / G / containing 
culture medium L and carbon dioxide gas ]. Since two or more reactor modules 6 
make a parallel condition estrange the mutual transparence plate 8 and are set 
up While being able to penetrate the transparence plate 8 from between each 
reactor module 6, being able to carry out incidence of ****** and the scattered 
light into the culture space K and being able to increase substantially the amount 
of culture medium per unit area By carrying out incidence of the light from the 
perimeter of the transparence plate 8, photosynthesis by algae, i.e., 
immobilization of carbon dioxide gas, can be made efficient. Moreover, since the 
reactor module 6 is sealing structure, mixing of the contamination matter into 
culture medium L etc. is prevented. 

[0042] Furthermore, since the transparence plate 8 is formed with plastic material 
or a glass plate, there is moderate reinforcement, and while the maintenance of 
decomposition, assembly, etc. is easy, it can constitute cheaply. 
[0043] Moreover, since the temperature pondage flow conduit 12 to which 
cooling water W or warm water W can circulate is arranged in the interstitial 
segment of the transparence plates 8 and 8 of a couple along with the 
transparence plate 8, if the culture medium L in the surrounding culture space K 
can be cooled if cooling water W is poured to this temperature pondage flow 
conduit 12, and warm water W is poured to the temperature pondage flow 
conduit 12, culture medium L can be warmed. Furthermore, since the 
temperature pondage flow conduit 12 is formed by the transparent material, 
transparency of the temperature pondage flow conduit 12 is possible for the light 
by which incidence was carried out, and light is not interrupted by the 
temperature pondage flow conduit 12. 

[0044] Culture medium supply passage 9c, a gas supply line 16, and 9d of 
temperature pondage supply passage are formed in the lower manifold 9. To the 
flank manifold 10 Since lOd of culture medium blowdown passage and gas 
blowdown passage 10c are formed and temperature pondage blowdown 
passage 11c is further formed in the up manifold 11, each manifold has piping 



and the function of a load member, and the whole serves as a compact and it 
becomes easy [ decomposition and assembly ]. Moreover, since external piping 
to expose decreases, while the workspace for a maintenance is securable, 
appearance nature improves. 

[0045] Moreover, since Gas G is supplied from a gas supply line 16 in culture 
medium supply passage 9c, the gas supply line 16 which supplies Gas G to this 
culture medium supply passage 9c is inserted into culture medium supply 
passage 9c and the culture space K is supplied where Gas G is distributed in 
culture medium L, the reaction effectiveness of Gas G and detailed algae can be 
raised. Moreover, even if a gas supply line 16 starts loading etc., drawing out of 
tubing and insertion are easy and it excels in maintenance nature. 
[0046] And since the transparence plates 8 and 8 and each manifold of a couple 
**** and the stop or the clamp is fixed mutually, while decomposition and 
assembly are easy and maintenance nature becomes good, compared with the 
case where adhesives are used, there is almost no degradation by the secular 
change to which ultraviolet rays etc. become a cause. Since two or more reactor 
modules 6 are installed on floor line 7a painted by the color of a white system, 
light can be efficiently reflected and scattered from floor line 7a, this scattered 
light can also be made to be able to introduce in the reactor module 6, and it can 
use for photosynthesis. 

[0047] In addition, since each reactor module 6 is arranged at fixed spacing, it 
may install an auxiliary LGT between the reactor modules 6. That is, C02 is also 
fixable also to night using a photosynthetic reaction. In this case, the night power 
from an electric power plant can be used for an auxiliary LGT, and lighting at 
night enables it to perform C02 immobilization by photosynthesis also at night. 
Moreover, since the system of the algae culture apparatus 1 is installed in the 
turbine building 2 roof which is the vacant lot of an electric power plant, it is on 
site and C02 which caused warming can be removed. 

[0048] Next, the 2nd operation gestalt of the algae culture apparatus concerning 
this invention is explained, referring to drawing 9 . 



[0049] A different point of the 2nd operation gestalt and the 1st operation gestalt 
To the inner base of the reactor module 6 being formed in the shape of level with 
the 1st operation gestalt, as shown in drawing 9 The top face of inner base 
30a31 of the reactor module 30 of the 2nd operation gestalt, i.e., a lower 
manifold, is made into the inclined plane of the shape of a cross section of V 
characters which inclined caudad towards center-section part 30b, and is the 
point set up so that the culture space K may be supplied from 30b by the center 
section about Gas G further. That is, with the 2nd operation gestalt, the culture 
medium supply passage 32 which interpolated the gas supply line (graphic 
display abbreviation) formed in the lower manifold 31 is arranged so that Gas G 
may be supplied in the culture space K with culture medium L from center- 
section part 30b. 

[00501 Therefore, in the case of the 1st operation gestalt, since the inner base of 
the reactor module 6 is a level configuration, for example, when aeration (Gas G 
and culture medium L supply) is stopped at night, a frond precipitates and 
aeration is again carried out to a morning etc., there is a possibility that a frond 
may stop being able to rise to surface easily again due to a location, but Even if it 
stops supply of Gas G and a frond precipitates by the above-mentioned 
configuration with the 2nd operation gestalt, while becoming easy to gather for 
center-section part 30b which becomes the bottom by dip of inner base 30a 
When gas supply is begun again, a frond soars, supply of the gas G from center- 
section part 30b and culture medium L distributes, and it rises to surface again. 
Moreover, by lifting of the gas G from center-section part 30b, the convection 
current as shown in drawing 9 can arise, and the whole culture space K can be 
agitated to homogeneity. 

[0051] In addition, with this operation gestalt, the include angle theta of said inner 
base 30a is set as 30 degrees. Moreover, although the cross-section 
configuration of inner base 30a was made into the shape of V character, as long 
as it is the inclined plane which inclined caudad towards a part for a center 
section, you may make it other configurations. For example, you may make it the 



shape of a cross section of U characters. 

[0052] Next, the 3rd operation gestalt of the algae culture apparatus concerning 
this invention is explained, referring to drawing 10 and drawing 1 1 . 
[0053] To carrying out the screw stop of the transparence plate 8 and each 
manifold made from a polycarbonate with a bolt 13 and a nut 14 with the 1st 
operation gestalt, and fixing mutually, by the 3rd operation gestalt, different 
points of the 3rd operation gestalt and the 1st operation gestalt differ at the point 
which is fixing the glass transparence plate 40 and each glass manifold of each 
other by clamps 41 and 42, as shown in drawing 10 and drawing 1 1 . 
[0054] Namely, with the 3rd operation gestalt, where the transparence plate 40 
and each manifold are combined As are shown in (a) of drawing 10 , and (b), and 
the screw stop of the belt-like clamp 41 is wound and carried out where the 
transparence plate 40 is inserted into the side face of the lower manifold 43 and 
the up manifold 44 and it is shown in (a) of drawing 1 1 , and (b) Where the 
transparence plate 40 is inserted, the cross-section KO character-like clamp 42 is 
inserted in the side face of the flank manifold 10, and the screw stop is carried 
out to the flank manifold 10. 

[0055] Therefore, there is no need of being able to prevent degradation by 
secular change of adhesives and forming the hole for bolts in a transparence 
plate further with the 3rd operation gestalt compared with the 1st operation 
gestalt in order not to use adhesives like the 1st operation gestalt. 
[0056] 

[Effect of the Invention] According to this invention, the following effectiveness is 
done so. 

(1) The transparence plate of the couple which forms the culture space of 
detailed algae while according to the algae culture apparatus according to claim 
1 a reactor module makes a parallel condition estrange mutually, and is 
supported, and it is mutual, Since equip culture space with the supporter material 
of the shape of a frame which supports the periphery section of the transparence 
plate of a couple in the sealing condition possible [ a negotiation / gas / 



containing culture medium and carbon dioxide gas ], two or more reactor 
modules make a parallel condition estrange a mutual transparence plate and it is 
set up ****** and the scattered light of sunlight penetrate a transparence plate 
from between each reactor module, and incidence can be carried out into culture 
space, they can increase substantially the amount of culture medium per unit 
area, and can make immobilization of carbon dioxide gas efficient. Moreover, 
since a reactor module is sealing structure, it can prevent mixing of the 
contamination matter into culture medium etc., and can prevent the dirt of culture 
medium, muddiness, etc. Furthermore, since the beam condensing unit is 
unnecessary, it can constitute cheaply. 

[0057] (2) According to the algae culture apparatus according to claim 2, since 
the transparence plate is formed with plastic material or glass, there is moderate 
reinforcement, and while the maintenance of decomposition, assembly, etc. is 
easy, it can constitute cheaply. 

[0058] (3) According to the algae culture apparatus according to claim 3, since 
the temperature pondage flow conduit to which cooling water or warm water can 
circulate is arranged in the interstitial segment of the transparence plate of a 
couple along with the transparence plate, by pouring cooling water or warm water 
to this temperature pondage flow conduit, the temperature of culture medium can 
be controlled and the photosynthesis function by algae can be maintained 
suitably. Moreover, since a temperature pondage flow conduit is arranged in the 
interstitial segment of the transparence plate of a couple and culture space 
serves as sandwich structure, the absorption of light can be performed without 
futility and the temperature control of the culture medium of two culture space of 
both sides can be simultaneously carried out by one temperature pondage flow 
conduit. 

[0059] (4) According to the algae culture apparatus according to claim 4, since 
the temperature pondage flow conduit is formed by the transparent material, light 
is not interrupted by the temperature pondage flow conduit, the perimeter of a 
temperature pondage flow conduit can set, and C02 good immobilization can be 



obtained. 

[0060] (5) The culture medium passage and the gas passageway which supply 
and discharge culture medium and said gas inside supporter material in culture 
space, respectively according to the algae culture apparatus according to claim 5, 
Since the temperature pondage passage which is connected to a temperature 
pondage flow conduit, and supplies and discharges cooling water or warm water 
to this temperature pondage flow conduit is formed, supporter material serves as 
manifold structure, it has the function of piping and a load member, and the 
whole serves as a compact and decomposition and assembly become easy. 
Moreover, since the supporter material of manifold structure is adopted, 
unitization of two or more reactor modules is carried out, supply and blowdown of 
culture medium, gas, etc. can be performed for every unit, and piping exposed to 
a floor line can be lessened as much as possible. Therefore, while being able to 
raise appearance nature, the tooth space produced by piping cutback can be 
used effectively for installation of an auxiliary LGT etc. Furthermore, since the 
large passage cross section in supporter material can be taken, even if the 
amount of [ with culture space ] connection is a stoma, flow of culture medium is 
made to homogeneity and it is hard coming to generate channeling. 
[0061] (6) Since according to the algae culture apparatus according to claim 6 
gas is supplied from a gas supply line in culture medium passage, the gas supply 
line which supplies said gas to this culture medium passage is inserted into the 
culture medium passage which supplies culture medium to culture space and 
culture space is supplied where gas is distributed in culture medium, the reaction 
effectiveness of gas and detailed algae can be raised. Moreover, even if a gas 
supply line starts loading etc., drawing out of tubing and insertion are easy and it 
excels in maintenance nature. 

[0062] (7) Since according to the algae culture apparatus according to claim 7 
the transparence plate and supporter material of a couple **** and the stop or the 
clamp is fixed mutually, while decomposition and assembly are easy and 
maintenance nature becomes good, compared with the case where adhesives 



are used, degradation by secular change of the adhesives, with which ultraviolet 
rays etc. become a cause can be prevented, and it can have the outstanding 
endurance. 

[0063] (8) Since two or more reactor modules are installed on the floor line 
painted by the color of a white system according to the algae culture apparatus 
according to claim 8, light can be efficiently reflected and scattered from a floor 
line, this scattered light can also be made to be able to introduce in a reactor 
module, and sunlight can be universally used for photosynthesis. 
[0064] (9) Since according to the algae culture apparatus according to claim 9 it 
considers as the inclined plane where the inner base of a reactor module inclines 
caudad toward a part for a center section, and frame-like supporter material is 
set up so that gas may be supplied to culture space from a part for said center 
section While the frond which precipitated can be brought together in a part for 
said center section and the gas supply from a part for a center section can 
perform re-floatation of a precipitate frond easily further, a frond can be agitated 
over the whole culture space. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the bird's-eye view showing an example which installed the 1st 
operation gestalt of the algae culture apparatus concerning this invention in the 
turbine building roof of an electric power plant. 

[Drawing 2] It is the bird's-eye view of an important section showing an example 
which installed the 1st operation gestalt of the algae culture apparatus 
concerning this invention in the turbine building roof of an electric power plant. 
[Drawing 3] It is the perspective view showing the reactor unit in the 1st operation 
gestalt of the algae culture apparatus concerning this invention. 
[Drawing 4] It is the top view, front view, and side elevation showing the reactor 
unit in the 1st operation gestalt of the algae culture apparatus concerning this 
invention. 

[Drawing 5] It is the lower side elevation showing the reactor module in the 1st 
operation gestalt of the algae culture apparatus concerning this invention. 
[Drawing 6] It is the A-A sectional view and B-B sectional view in a side elevation 
of drawing 4 . 

[Drawing 7] They are a C-C sectional view in the side elevation of drawing 4 , 
and the D-D sectional view of drawing 5 R> 5. 

[Drawing 8] It is the rough block diagram of the whole system in the 1st operation 
gestalt of the algae culture apparatus concerning this invention. 
[Drawing 9] It is drawing of longitudinal section showing the reactor module in the 
2nd operation gestalt of the algae culture apparatus concerning this invention. 
[Drawing 10] In the 3rd operation gestalt of the algae culture apparatus 
concerning this invention, it is the sectional view of the part corresponding to 
drawing 6 of the 1st operation gestalt. 

[Drawing 1 1] In the 3rd operation gestalt of the algae culture apparatus 
concerning this invention, it is the sectional view of the part corresponding to 
drawing 7 of the 1st operation gestalt. 
[Description of Notations] 
1 Algae Culture Apparatus 



6 30 Reactor module 

7a The floor line of a support frame 

8 40 Transparence plate 

9, 31, 43 Lower manifold (supporter material) 

9c, 32 Culture medium supply passage (culture medium passage) 

9d Temperature pondage supply passage (temperature pondage passage) 

10 Flank Manifold (Supporter Material) 

10c Gas blowdown passage (gas passageway) 

10d Culture medium blowdown passage (culture medium passage) 

1 1 44 Up manifold (supporter material) 

1 1c Temperature pondage blowdown passage (temperature pondage passage) 

12 Temperature Pondage Flow Conduit 
16 Gas Supply Line (Gas Passageway) 
30a The inner base of a reactor module 

30b A part for the center section at the base of inner 
41 42 Clamp 
G Gas 

L Culture medium 

K Culture space 

W Cooling water or wami water 
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L, immLco^^imm^xm^mm2 5iz^^ 
•fh. ^\%^\^i-zi^mmut. f^sc7)^'i:>^iW2 5^ 
x'wm.'rrm^ti. mwm^^ixh, ^<r>m. mm^j:i^ 
mmLtfi. B\tk&tm&m^tLX. mm. ■r=5ri?^c 
OimMummm^tih, :immi^m^^w. i xii. 

Sf;>y;^G4'OC02i8Jg*«5~l 0%, im^40X: 
X\ i5SfflS^;t0$<Jl0 0gCO2/m2 • dWCOz 



<r>m^'iU}'ni^tix\^i, 

[00401 ^rtJ, ffiwafgcofi^Jt LT. ^Ui^^ 

[004 1 1 ^mmmco^i^mmm i -cji. y r^' 
iiXi/mm:^:^^^ti^:^G^m.-^mz-mmmwL 

8. 8iOigMiSPSr®ffltt®CS:l$-r«.Ta5v:::*-/WK 

9 . i!lSi5-7-;^-;UH 1 0*>J:l>'Tg?v:z4^-yWH 9 1 

85:W^®l;:Stra$-ti:TiiS$nTV^I>Ot\ 

J: t/SJtSL7t5-=& r ^: A 6 ^>^hm 
8^^tTiS«S^K|*)tAlt$it-?.^t*^'T'#. # 

ffiBaflii:^ *) mmmm^izmizm'^^ t s t 

KihSiil.. 

[0042] $^>IC. SBM8*>'7*7Xf- y^'TOSi:^v: 

ii/}^xmx'm^^tix\>^h<7)x\ ms^^j:m&mo. 

mizm^-fhztijK'^i, 

[ 0 04 3 1 -inicommus . sco'pm^^iz. 

2*^aM8t=«^oTi;s§n-cv^s^T, mmm& 

ie3i«l 2tcffl7|cWS:gri-rttSS?B[L-&JiiiatSii:** 

^^tLX\'^i(^x\ xmtifzmimmmAi^'si 
2^imssmxh^x. mmm^i^'^i 2i,zX'ox 

[0044] T^-7--!i-^-)V Y 9 Ui. imm^t^WJ^ 

9 c , :^xmm 1 6i5xr/m.m&mit^m9 d*« 
m^^ti. m-?~^^-ji)' 1 oizii. i^mmmmm 

[00451 tfz. i5«?stti&s![J89 crttc. m^mm 
mm 9 c iz^x G mm^ 1 6 mx 
^ixx\>^i<7)x\ t^mmmm 9 cm^xm'^i 
si)-h^x Gm^^ixx . iix Gmmm l^piz-h^^ 
^titzmx-i^m^Emy^izm^iihtzi^. ^xGm 
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[0046] -etT, -Mc^mmm. 8i:#-7-*- 

iiOT9i'^'j:L-ju6mzmx^-^x. yt^mzmm 

\zmi>nmm.\.x%>mhts:\^. tti:hh. ^latctat 

^m,m^1^mLxco^•km%'th^'t^,x'%h. z. 
<r)%^. %wht^t^m,^-y)^mm\znmh:Lt 
*5t'# . ^wmmz^ 0 . ^-^mz)^ i> c Oj ii^s: 

^^^'\,^oZtiMW,zi-£h. %Wf^omikX: 

hh ^-'^vmm2m.\zwm^m. i co$^;^rA$- 
x'mcthzttf^xth. 

[ 0 0 4 8 J im9^z%hwmi^m.m2% 

[ 0 0 4 9 ] IS 2 t IS 1 HJfeJ^® i: C7)^=5: .g.^ 

js. %\mmmx:w}Ti^^'^-j:x.-)v^(r>n^mifi 
m 2 mmmy u r ^ * i^' * s o <o i^hss 3 o 

a, ■r=3:;b*»Tg6v:i*-;H<3 lco±ffl*i4'ifeg|5^J-3 
0 b(c|tri{tTT:^fcii#fL^clSrffiV^<0«M?Hiii: § 

^&•rsJ;3^cis«$i^Tv^s^T'^)l.. -r^i^**, iS2 

HJtJ^m-Ji. Tgii-7-j^-;i^h'3 li*|{ij^fiKSn7t;y 
(SS^BS) 5:l*lJft/ctg«?Kfit*&8iE8&3 2*i, 
4'f^gp»3 0 b*^<^>tS«?StL i: 1 1 {=;y;^GSr^SSS 
K|*i(c«*&-ri> J: ^miSSiiTV^I,. 
[0050] L/i*^'oT. m 1 IISfi}g.®<^^T'{i. U 

fzh^^zw^ifmL. wm^zmm^Ltzmz. mm 

2|||fe?gST{4. ±iBfillS{=:i-or. ^:x.G<r>mi:± 
i6rmft*WLTt, rtJ!Sffi3 0a<^j«^(cJ;-^Tft 
TgI5i:5rl.4'*gg^3 0 blcm^ 0^<=5rl.i: t t,tc. 

Gcol.mzii'^X . m9lz9r^i-Xo^j:M^A^±t. i^m 



[ 0 0 5 1 ] ^:*5, *IUfiJg®f<4. Mei*liSiB3 0 a 

<mJ^e^3 0mz^'&LX\^h. ttz. rtigffi3 0a 

miti^m^f>ii. mmmzLxijmh^j:^\ m 

mm\}^mzLxi>ii\i\ 
[ 0 0 5 2 ] :¥mmmminm^mm3m 

100 5 3] mammmmimmmtm^j:^^ 

<i. ^ 1 mmBmxii^V M5}c0^bM8 t 

K t Srd^/U M 3 i: >y M 4 T'^^v^it*^ 

01 otJii/^m iizTjk-txoiz. 0yxm<^m4 

Ot#v:i*-;l^h'i:5r^'7>'7'4 K 4 2'C'5<<^{3iI 

[0054] -f ^ri5*>. «3IIJ6?g®-C{i. SBM4 0 

t^-^-^s-j], K 1 H 1 Oco 
( a ) ( b ) (C^-tJ; 5 TliC-?-^^--'!^ H 4 3i5 J: 

t^±a57-*-;i^ F 4 4 cofldiffltc . mmwi4 o im^tz 
^•C'<ywh«coi5'5yr4 1 immix^^'j±isbi. 
tfzmii(^(a) (h) iZTTstxoiz. mu-^-t^- 

1 OfiOWffltC, ^BM4 0Srg^^^cm•C'»Tffi3^ 
1^<7)^ 7 yr 4 2 $:{4S^Ji^t-ii!IgBv:::*-;^ K 1 0 {c 

[0055] Lfzti^nx.m3 mmmmx'it .mimm 
mmtmm^z. mmmi:mmL^j:\^fziib. mmcnf^^ 

[0056] 

( 1 ) mm 1 iei!{c?)a^^«$iatc<j:^t{f > u r ^ 

^i^:L'-)utK s.^MzTffm^tzmm-^^x^^tLX 
\^httuzK\<^<r)mizwm^mmmi:mm-h 

ts:^x^^M'^miz-mmmm(o^mi:mm^iz 

^^(ommm'fn^mmm^^xiLm 
tix\^^(7)x\ im^comm^axr/wMtfi^vT^' 
is^^i^^-)\^com^i^^nmm^ixtm^mizx 
m^ti. ^mm'^rzK)(ommmmi:±mizm'^i-zt 
i}^'^. mi:ff^(Dmmi:i^^mitt^ztiiiX'^&, 

h tzi^. ^m^zmmh z t t^x-^ 
[0057] ( 2 ) m^m 2 iemo^«tg«^at J: ft 
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[0058] ( 3 ) iB5K«3ie®£0^tg^SlC 

tzbizx'otmm<r>mi:mthzti)^x't. mm 
izxhtft^mm^^mmmi^tifi-cti. t 

~Mff)mmmcr>^mmizmm&y\i^mmm 

{4\ m.^yi<^m'smmmmxm^^ixx^^hcr) 

^^^yiimmmzX^X^i}mPitihZbi)<^j: 
itmiZtii^X-^^, 

[0 0 6 0] (5)mm5m.<^Bmmmmizxti 
{f, ^nm<^mi>z. mm^mzmmmnxxmm^ 

mzi^myiitfzimyiiimttktixx/mtiitim.mm7i!. 
mmt^j:'yxmm!S.mmmmmx.. ±m< 
-t^-ji'¥mm(D^3mmm^i<r)X\ m.mr 

:f^'<-x^mn(ommizmj^m-rizbt/'X't' 
I, $<^tc, ^mmmmmm^:k^<bizb 
t^x't&fci^. i^mm^bmt^m^^iix'h'^x 
^mm<om.t:i^-'{zT^. mm.ii^^ti,z<<^ 

I.. 

[0061] ( 6 ) m^m6-azm(7)mmii^mzxii 
{4\ i^m^mizi^mmmik-ti>i^mi&mniz. m.^ 
mtmizmi/f^f^ mm i ^xmttkm^wx^tix 
o-c, tmmmHz:^'xmti^m- h A'^tm^^ 
tix . A^mmw.'pizm^titimiX'imm^izm 
i^^iihfcib. Axbmimmb(OKm^m^:-Sif>&:i 
bij^x'^h, tt:. ^xm'sm^tmi:mzix 

[00 6 2] (7) a^JaTiSiJtO^tg^SCiil 

a. -'n(mBmb^mmbi)iht±ihtfzit^ 

rizx r>xK\>^zmM^tix\'^h(ox\ • miLt/^m 
^x'^ yT'i-yxm-mizy'j:?>b btiz. mmmirm 
\^fzm'^i,z]t^x . mmmmmb^j:imM<DU^ 



^itiizxhii5^tm±-t!t> c: b ti<Tt , mmiK&i 

^i:hZbi}K'^^. 

[0063] ( 8 ) msmatmtommim^mzxii 

ixt:sm±.izmi^tix\>^&<7)X'. msij^mmxKift 

i^^i^j.-ji'mzmx^itx±f^mhti3i<^mz 
mmizbt^X'^t, 

[00641 ( 9 ) n^9Mm<ommimi^mizxti 

Tmzmt^mmb^ti. w^commtK ay^ 
^m.^^'jtfs't^^m&mzmikfh x o ^zm^^ti 

x\^h<r>x\ mLLtzmw^mi^^m^zm^h:ib 
. § ^iz^^^'>^i)>t,mmmzx -yxtmm 

Wmn±^mmzn oZbti^T^hbbi^iz.mW^ 
i^^^mzht: o Ximti> z b *«T-# s . 

mmmmum 

[01] :^mm I. mw^mmmm i hsijb® sr 
X'hh. 

[02] *56BJWII.^«tS«^aiOlllllSfiJgSS: 

Mmmx'$>^. 

ims] :^mizm^i^mmm<r>m i niBSffittc 

(04 ] :if^mzi^mmmm.(r)W. i 

[05 ] *i6B^(c«s^«tg«gs«^m 1 %mmi.z 

13ft !> U T j.-;US-5^-rTSPiOffl!lffl0t'J)l. . 
[06] 04c7){ijBia(ci3ftSA-ABrffi0fcJ:tXB 

[07] 04<7)Iiffi0(cfcft-l>c-cBrffi0*5J:i;t0 

5<r>D-hmmmx'hh. 

[08 ] *5iBBtc^sssiig«gMcoii 1 mmw.z 

[09] *^B3t:^l>^i§«gB<7)^2||J£J^®tc 

miVT^^^^'ja. -j\^t:^-tmmmmx'h . 
[0101 ^mmi$mmmmm smmrn 

CtJV^T. SSlllSfeJ^Sii<7)06lc*t;Bt/ia54J-co»rffl0 

[0111 ^mi,zmm.i§^m(^^ 3 hsijb® 
(ctjv^T. mimtmmmiizmit^m^mwm 

1 ^tg^B 

6. 3 0 UT^^^i^'A-zU 

7 a h 7 U'-uUi^Dflcffl 

8, 4 0 wm 

9. 3 1. 4 3 Ta5v:::*-;WK (^^m) 
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9c, 3 2 i$S?S«*&8iESS (tgil?SgSSS) 

9d mm^yiimm immmm) 
loc ^mmm (:ff:^m) 

lOd igS?S»ftti»5K (t§«?«8rJS) 

I K 4 4 ±gi5-7-*-;PK (mm) 

I I c mmmmnnm (m.^A^m) 
1 2 mi^^^'s 



16 ^:^^m(:ff:^m) 
30a ';r^'^'t>''jL-/ucortKffl 

30b |^j£il<0«|'5*ig|!^ 

4 1.42 ^yyy 

G ijX 



[HI] 




[@2] 



14^ 

or 



15 



9— 



3 3 3 




I TT 



15 



i -1 

' V\*>^ JJ — 



-14 



— 2 



(a) 




!(9) 000-1 39444 ( P 2 0 0 0 -.ffiHi 



ms] [@4] 




(aO) )00-139444 (P2000-#N3ii 




(?ll))00-139444 (P2 0 0 0-§;L4 4 



s«^«i5«izis«r«2-8-ii fumAm 
mmsmmmmmfH 



2B104 EF03 

4B029 AA02 DA04 DBll DB19 DDOl 
DFOl DF06 DG06 DG08 

4D002 M09 ACIO BA02 BA20 CA06 
DA70 FAIO GA03 GBll 



